The basement rocks, Neogene sediments and Quaternary alluvial deposits in the Abu Dabbab area, Eastern Desert of Egypt, are deformed by N-S, NE-SW, NW-SE and E-W trending faults. Complex cross-cutting relationships show a complicated history of initiation and reactivation of these faults. The recent fault scarps demonstrate different morphologies, modes of formation and relative ages. Recurrent, step and successively reactivated faulting was likely responsible for the exhumation and neo-formation of the fault scarps. Capture, deep incision, offset and reversal in flow direction of streams are the main drainage modifications induced by active faults. The concealed and active faults are associated with high drainage density anomalies. Segmentation phenomenon is common for all fault trends. Microearthquakes are concentrated at the intersection zones of faults and caused by upper crustal strike-slip, oblique-slip, reverse and normal faults. The paleostresses are not consistent with the present-day stress fields. The present-day NE-SW extension across the Red Sea combined with a local multidirectional tension led to reactivation of old faults and initiation of new fault trends.
Introduction
Several localities of active tectonics were identified in the Eastern Desert of Egypt and Nile Valley, i.e. the Qena-Safaja stretch (El Kazzaz 1999; Akawy 2002) , the Nile bend at Qena and surroundings (Akawy and Kamal El Din 2006) , the Umm Gheig area (Akawy 2005 ) and the Kalabsha fault zone, southwest Aswan. There is a variation in character of the active tectonics from one locality to the other. It is represented by active fissures, tilting of Quaternary beds, deflection in widths. In the extreme southwestern corner of the study area a N-S shear zone can be traced over several kilometers. On mesoscopic scale, these faults show zoning, splaying and interlinking. A small number of the inspected fault planes show horizontal slickolites implying a strike-slip component. Superimposed right and left senses of movement were recorded along the N-S faults, indicating younger left-lateral movement. Within the basement rocks the sense of
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Central European Geology 51, 2008 Fig. 1 Geologic map of Abu Dabbab area (after the Geological Survey of Egypt, 1979) . The inset is a location map movement is inferred from the direct offset of markers, i.e. tailed porphyroclasts and direction of roughness and smoothness on fault surfaces. Some N-S faults are highly oblique to normal with steep plunging slip lineation (Fig. 3A) . Thanks to the competency of the country rocks, rare asymmetric minor folds were recognized. On aerial photographs the N-S trending faults are associated with sharp-crested, steeply dipping ridges. Along the N-S faults there is a variation in 156 A. Akawy Central European Geology 51, 2008 displacement amount from one fault to the other (Akawy 2007) . The displacement ranges from several centimeters to several kilometers. Some N-S fractures are open and barren, implying recent activation (Fig. 3B) . The Miocene rocks and the overlying Quaternary sediments are highly deformed by N-S normal faults. This deformation is represented by steep tilting and clay injection of soft sedimentary rocks (Fig. 3C) .
NE-SW faults
In the Precambrian basement rocks, NE-SW right-lateral strike-slip faults were recorded; they were reactivated during later times as normal faults (Fig. 3D) . Superimposed slip lineations were recorded. NE-SW extensional barren fractures cut the basement and Neogene rocks and their overlying Quaternary sediments (Fig. 3E and F) . The basement rocks adjacent to the sediments show a rough surface due to frequent opening of the NE-SW extension fractures. The NE-SW faults share with other trends in controlling the course of drainage lines toward the Red Sea. The drainage lines that are controlled by the NE faults and fractures are generally asymmetrical as represented by a steep side of the valley (Fig. 3G ) whereas the other side is gentle.
NW-SE faults
The NW-SE faults are well developed in the study area and the frequency increases westward in the basement rocks. The old generation of this fault trend consists of left-lateral strike-slip faults that have also been reactivated in later times as normal faults. The strike-slip and normal faults cut the entire rock sequence, from basement rocks to Quaternary sediments. In addition to the direct offset of the Neogene and Quaternary sediments, several highly tilted and dragged beds near the NW-SE faults were recorded (Fig. 3H ).
E-W faults
Most of the E-W faults extend, with some interruption, from the Red Sea shoreline westward and cut through all lithologies. Although the mapped E-W faults run over long distances, their frequency is low. The field work clarified that these faults swing over 15-20° around the main azimuth direction and show deformation exceeding that of the other fault trends. Different fault types and a 158 A. Akawy Central European Geology 51, 2008 Fig. 3 → Field photographs of the structural features of the faults. A) Steeply plunging slip lineation on a N-S fault plane; B) Open, barren N-S fracture; C) Highly tilted mélange of Neogene rocks (covered by Quaternary sediments) deformed by the N-S fault;. D) Steeply plunging slip lineation on a NE-SW fault plane; E-F) Open, recent NE-SW fractures affecting basement and Neogene rocks, respectively; G) Steep side of drainage valley due to the NE-SW faults; H) Neogene beds overlying basement rocks are tilted and dragged by the effect of the NW-SE faults history of multiple reactivation characterize the E-W faults. An old right-lateral strike-slip movement, overprinted by an oblique one, is observed in the basement rocks. The right-lateral sense of movement was deduced from several shear criteria like the tails of stretched pebbles (Fig. 3I ). Normal and oblique-slip faults are common in the Neogene and Quaternary sediments (Fig. 3J) . The field study showed that some E-W normal faults predate the Quaternary, whereas others postdate it (Fig. 3K and L) . The majority of the E-W normal faults show mesoscopic-scale grabens, recent fault breccia, small faulted blocks and open fractures due to recent activation (Fig. 3M) .
Stereographic projection of faults in all orientations is shown by Fig. 4A . 
Fault scarps
Convexity and concavity of the scarp slope indicate the relative effect of erosion and sedimentation. According to Mayer (1984) , Sterr (1985) and Mayer and Vincent (1999) , the relative ages of fault scarps can be inferred from the scarp profiles with the following parameters: 1) maximum slope angle, 2) scarp height, 3) position of the crest and 4) curvature of the crest.
In the study area, the anomalous elevation and sharp steepness enable recognition and tracing of fault scarps on aerial photographs (Fig. 2) . The morphometry of twenty-seven fault scarps within Quaternary sediments were examined and measured ( include height (in meters), orientation and maximum slope angle (inflection point). Shape of the scarp crest, curvature of slope, and lithology were taken into consideration. The field data were treated by the discrimination method, which is one of the age determination techniques. This method is based on the morphologic discrimination between scarps of different ages (Mayer 1984 Table 2 Morphometry of fault scarps in the Quaternary sediments θ θ this method, the maximum slope angle (?) is plotted as ordinate against log scarp height (H) as abscissa (Fig. 4B) .
The distribution of the N-S fault scarps on the graph (rectangles) preferably indicates recurrent faulting as inferred from variation in steepness and height. The N-S scarps are common within the Neogene sediments (Fig. 5A) . Sharpcrested morphology of some scarps in soft and friable sediments implies that their age is Quaternary or Recent. The NE-SW fault scarps (circles, Fig. 4B ) show scattering and their relative ages cannot be inferred. Several NE-SW scarps originated by recent faults were recorded (Fig. 5B) . The pattern of the NW-SE fault scarps (triangles) is scattered. NW-SE scarps with round apex were recorded in the bedrock and show displacement of Quaternary sediments (Fig.  5C) . The E-W Quaternary fault scarps are differentiated into three groups (clusters, Fig. 4B ) of different morphologies and ages. Even within the same cluster there is a variation in slope angle and/or height. The E-W scarps are developed in different lithologies in the study area. In the western part of the study area where basement rocks occur, the E-W scarps are either covered with Quaternary sediments or developed in the Quaternary sediments themselves (Fig. 5D ). Eastward the E-W scarps are developed mainly in Quaternary sediments. Even within the Neogene sediments the E-W scarps seem to be of Recent age. This young age is inferred from the sharp-crested scarps that developed in the soft sediments and alluvial deposits (Fig. 5E ). Exhumed fault scarps were recognized in the E-W direction (Fig. 5F ). Some scarps show steps, although they are developed on nearly homogeneous soft sediments (Fig. 5G ).
Landforms
Numerous hills of varying altitudes are common in the study area, leading to irregular topography. The general slope is from the southwest to the northeast with several anomalous points in between. The landforms are mainly controlled by faults rather than erosion. In basement rocks linear ridges mark fault traces whereas in sedimentary rocks a few sharp ridges mark only recent faults.
The highest elevations (600 m) appear in the southwestern part of the study area. Within this area there is a wide variation in elevation due to the effect of vertical faults and difference in rock resistance. The height difference between adjacent landforms attains 200 m or more. The landforms are rugged and include ridges and mountains. Moreover, numerous isolated hills of comparatively low altitude are observed. In the western part of the study area, some mountain fronts are sharp and dissected by abandoned drainage lines. On both sides of the mountains the slope is asymmetrical and there is a non-uniformity in the direction of gentle and steep slope. Several gorges with variable widths follow the fault zones.
In the eastern part of the study area and within the same block, the variation in height between landforms is small compared to the western part. The flat areas
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164 A. Akawy Central European Geology 51, 2008 Fig. 5 Field photographs of fault scarps. A) Sharp-crested N-S fault scarp developed in evaporites; B) Sharpcrested and planar NE-SW fault scarp; C) Roundcrested NW-SE fault scarp developed on Quaternary sediments that overlie Neogene rocks; D) E-W fault scarp displaced Quaternary sediments that are plastered against basement rocks; E) Sharp-crested E-W fault scarp developed on recent wadi deposits; F) Recently exhumed E-W fault scarp; G) Steps on E-W fault scarp developed on homogeneous evaporites and dissection of land by drainage lines increase eastwards while the elevation decreases to reach sea level. Isolated conical and elongated hills and small plateaus are common in the coastal area.
Drainage patterns

Orientation and dimension of drainage
The study area is crossed by a dense network of drainage lines flowing off directly toward the Red Sea basin (Fig. 6 ) or indirectly via the Idfu -Marsa Alam Road. The main water divide is located to the southwest of the study area and separates the valleys that drain toward the Red Sea from those draining toward the Nile Valley. In the study area local water divides appear when anomalous fault-related highs are present. The main water divide area runs with nonuniform width in a NW-SE direction while the local divides run according to the controlling faults. The height of the main water divide is about 450 m asl. whereas the height of local divides depends on the elevation of the hanging wall of the controlling faults.
The drainage lines run in four main trends that are NE-SW, N-S, NW-SE and E-W as arranged in descending order of their significance (Fig. 7) . The NE-SW valleys are common in the area and resemble the main drainage direction. Particularly in the eastern part of the area the NE-SW valleys represent the main part of the drainage misfit, such as Wadi Abu Wasaat and Wadi Abu Dabbab Al Abyad. The N-S valleys are concentrated in the middle and western part of the area and associated with the major N-S striking faults in the Kadabora sector. The N-S valleys contribute to the drainage misfit in the Kadabora sector (e.g. point X in The old drainage in the NW-SE and N-S directions was shifted, modified, pirated and/or abandoned by the E-W and NE-SW drainage lines (Fig. 9A , B and C). A typical example is the central part of Wadi Abu Dabbab. Even within the same direction of drainage lines, more than one generation can be recognized (Fig. 9C) . Shoulder incision in drainage lines over the hanging wall of the faults and shifting in the flow direction toward the footwall are common. New valleys are formed over the active faults and fractures. Commonly, the NW-SE drainage is discontinuous and deflected toward the other active drainage lines. There are variations in length, width and bed level of valleys. Long valleys (e.g. Wadi Abu Dabbab) run over a long distance (40 km) whereas other valleys only attain a half kilometer in length. Even within the same drainage set there is a wide variation in length. The valleys' width ranges from more than 300 m to less than 10 m. From west to east there is a gradation in the bed stream level from high to low. The height of both valley sides is variable, particularly when a normal fault controls the valley course. The sharpness of the valley sides and their height relative to stream floor depend on the age of controlling faults on the one hand and rock resistance on the other. In the eastern part of the study area, due to softness of the sedimentary rocks there is no anomaly in longitudinal stream profile. Westward, in the Precambrian rocks, anomalous gradients are observed. Two main levels of stream beds can be discriminated; one in basement rocks and the other in the sedimentary rocks. For the majority of streams in the study area the base level ranges from 280 to 2 m asl. and each is characterized by saddles and shoulders.
Within the main broad valleys there are several sites of gravel accumulation (terraces) attaining 3 to 10 m height above the valley floor and which are generally linear in form. Local barriers and drainage divides are formed by the terraces. Braided streams are common (Fig. 9E , F and G) and contain gravel derived mainly from basement rocks, which decrease in size eastward. In the eastern parts of the area, vast domains are covered completely or partially by gravel and incised by active drainage (Fig. 2) . Several generations of gravel-filled channels and superimposed drainage were recorded (Fig. 9C) .
In the eastern part of the area there is conformity between the valley dimensions and drainage direction, i.e. the valley width increases from upstream to downstream. Westward this geometric relationship is not clear.
On the aerial photographs there are linear and narrow gorges, presumably lowstand structures between parallel faults. These gorges cause reversal in drainage flow direction by stream capture. The reversal in drainage flow direction is a good indicator of active tectonics (Matmon et al. 1999) . A good example for this feature is the area around Kadabora and the southern part of Wadi Mubarak (point X7 in Fig. 6 ). In the eastern part of the study area there are several successive alluvial fans of different topographic levels. These fans were developed on structural blocks which are bounded by normal faults with downthrow toward the NE.
Drainage density
There is a close relationship between drainage density and faults (Hou and Han 1997) . Regardless of the outline of drainage basins, the entire study area has been divided into windows of 5×5 km each to find this relationship. The drainage lines were digitized to measure their length and then contoured (Fig. 8) . The spatial distribution of drainage density indicates that high-density belts characterize the eastern parts of the study area and reflect the presence of surface and concealed active faults (see Hou and Han 1997) . The drainage intensity in this part reaches 10km/km 2 or more. The rest of the study area also shows high density, attaining 4.5 km/km 2 . Anomalous belts extend mainly in the E-W, NE-SW and N-S directions. The E-W anomaly belts appear in the extreme northern and southern parts of the study area. The NE-SW belts diagonally cross the area whereas the N-S belts characterize the area around the Kadabora faults. The NW-SE belts appear in the marginal area of the Red Sea. The E-W belts truncate the N-S ones, whereas the NE belts truncate all other belts. The drainage density anomalies are linear to ellipsoidal in form and connected or disconnected to each other. The anomaly belts can be 2 to 4 km wide and 10 to 40 km long. Some belts run straight whereas others are curved; the belts are either intermittent or continuous.
Gaps and dry valleys
The study of the aerial photographs and field observation indicated that there are several dry valleys and wind gaps (see Han et al. 2003; Pellegrini et al. 2003) on both sides of the active drainage lines. These gaps and dry valleys mainly resemble ancient NW-SE drainage lines that are abandoned and crossed by the active drainage (see also Fig. 9A and B) . These gaps are characterized by gravel deposits and erosional features indicating that these are former water courses.
Drainage and active faults
There are several criteria concerning the effect of active tectonics on valleys, such as cutting of recent terraces by structurally controlled drainage lines. The recent braiding and offset of the drainage near the Kadabora area and southern part of Wadi Mubarak indicate active faulting (Fig. 9E, F and G) . Recent open gorges cutting drainage lines were detected on the Landsat images (Fig. 9H) . Moreover, recent modification of drainage orientation by active faulting is well represented in the study area ( Figs 9A, 9B and 9I ). The capture of some drainage lines by others is a good indicator of active faulting.
Drainage and fault scarps
On the local and regional scales, fault scarps are the dominant controller of water divide orientation. Old and young NE-SW fault scarps are well developed in the study area and affect drainage orientation ( Fig. 9D and I ).
Drainage and fault segmentation
Some drainage lines cross the fault strikes without interruptions because the faults are segmented. This is the case in points X1, X3 in Fig. 6 . The highs or lows between two N-S fault segments in Kadabora are due to the irregular strike or two separate segments (point X8 in Fig. 6 ). The same holds true for the NE-SW fault that controls Wadi Bowal and southern part of Wadi Mubarak, where there is uplift and drainage centrifuge (point X1 in Fig. 6 ). Wadi Abu Dabbab Al Abyad has two drainage courses; one toward the main NE-SW course and other parallel to the main course. This indicates that this valley is controlled by a fault zone rather than a single fault plane. These drainage lines are not completely affected by continuous E-W faults, indicating segmentation of these faults.
Wadi Abu Dabbab
Since Wadi Abu Dabbab is the main wadi in the study area, it is studied in detail herein. The main course of Wadi Abu Dabbab runs in the E-W direction with local meandering and follows the NE-SW direction westward (Fig. 6) . The southern inlets are longer, higher and more condensed than the northern ones and accordingly the boundaries are asymmetrical. At the entrance of Wadi Abu Dabbab, the southern tributaries are controlled by the N-S faults and flow off toward Wadi Abu Dabbab. This indicates that the fault or fault zone that controls the Abu Dabbab course (E-W) is younger than the faults or fractures controlling these drainage lines. This is because the drainage is shifted toward the younger fractures.
Stress analysis of faults
Paleo-and present-day stresses of faults were analyzed in Abu Dabbab area. This link was carried out to interpret the reactivation history of the faults in the context of the regional stress changes. The paleostress analysis is based on measurement of the fault striae and other shear sense indicators. The present-day stress analysis is based on direct stress distribution on: 1) recent structural features, 2) recent drainage modification and 3) seismic data.
Paleostress analysis
Several stations were selected in the field to measure slip data for the purpose of paleostress analysis. When possible, particularly in basement rocks, some shear sense indicators were used to determine the type of faults. The field stations cover nearly all parts of the study area. The data were analyzed using the "Tectonics FP" software by Franz Reiter and Peter Acs 1996-2002 . The data input of this program include: 1) dip amount and direction of the fault plane, 2) plunge amount and direction of striae, 3) relative sense of movement of the hanging wall of the fault and 4) quality parameter representing confidence of the fault sense value. The confidence parameter was modified from Hardcastle (1989) and Sperner et al. (1993) . The data were first separated manually into four orientations that are N-S, NE-SW, NW-SE and E-W (Figs 10 and 11) . Based on the plunge amount and orientation of striae the faults in each trend were separated into three clusters that are normal, oblique and strike-slip. The normal, oblique and strike-slip faults are present in all orientations and their relative significance differs from one orientation to the other. The amount of fault plane dips and striae plunge cover a wide range (Fig. 10) . The computation of the paleostress orientation is based on calculation of the compressive and extension dihedra for each fault plane (Angelier and Mechler 1977) . The results of the paleostress analysis are shown in Table 3 . Figure 12 shows the location of some field measurements and hypothetical nodal planes (beach balls) of the faults.
Present-day stress analysis
In addition to fault scarps the recent structural features include open and barren fissures, normal faults and strike-slip faults. Table 6 shows details of the inferred stresses of these features.
The examination of recent Landsat images and the field observations concluded that there is a good visible modification in orientation and/or width of some drainage lines. The narrower the valleys, the greater the modification. The effect of the NE-SW, E-W and N-S faults on the drainage lines exceeds that of the NW-SE faults. The effect of faults is not only a modification of the old drainage but also the development of new drainage on the newly formed and reactivated fault segments. Both extensional and strike-slip movements affect the drainage lines Table 6 . (Tables 4 and 5 ). Mohamed (2005) concluded that the seismic activity is more or less concentrated and clustered along the active faults which include two main trends. The first belongs to a normal fault system which is more or less parallel to the Red Sea margin and the other set is a transverse fault system perpendicular to the Red Sea. Some reverse faults parallel to the Red Sea were inferred from this analysis. The analysis of focal depth of seismic events showed that these are upper crustal and range in depth from 4 to 17 km. The seismic activity was concentrated at two depths, which are 5-8 and 10-13 km. Table 6 and Fig. 13 summarize the inferred present-day stress orientations of Abu Dabbab area. Table 6 Inferred and calculated present-day stresses in the Abu Dabbab area
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Discussion
Based on the pattern of slip lineation on the fault planes, a complicated history of reactivation was inferred. In Quaternary sediments the reactivated faults are extensional. A few observations show hybrid and/or pure strike-slip faults, especially in the E-W and NE directions. All fault trends in the basement rocks show a tendency to change from pure strike-slip to extensional faults (Akawy 2003 (Akawy , 2005 .
The N-S faults have been thoroughly discussed and interpreted in another contribution (Akawy 2007) . This study concluded that these faults undergo strain partitioning in which strike-slip and normal fault domains appear. The western part of the Abu Dabbab area contains the famous N-S left-lateral strike-slip faults which are the Kadabora faults. In Quaternary sediments the N-S tectonic trend was recognized as normal faults, extensional fractures and strike-slip faults with very small lateral displacement. The hybrid nature of the N-S faults (strike-slip and normal) was also identified.
In the study area, the NE-SW faults dissect Quaternary sediments of varying nature. They are found as strike-slip faults (right-and left-lateral), normal faults and extensional fractures. The variability in nature indicates that this trend undergoes different types of local stresses in addition to the predominant regional stress. Meshref (1990) interpreted the NE-SW faults in the Red Sea area as conjugate of the NW-SE faults.
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Central European Geology 51, 2008 The NW-SE tectonic trend was recorded in Quaternary sediments as normal faults and extensional fractures. Rare NW-SE strike-slip faults with cm-scale lateral displacement were recorded in Quaternary sediments (see also Akawy 2005) . This implies that the NW-SE tectonic trend presently undergoes extension due to the continuous opening of the Red Sea. The NW-SE faults relate to the Najd Fault System which is a series of left-lateral strike-slip faults extending from the Najd area (Saudi Arabia) into the Eastern Desert of Egypt (Stern 1985; Jarrige et al. 1986; Akawy 2002 Akawy , 2003 Akawy , 2005 Akawy , 2007 .
The E-W faults are considered the most active ones in the study area. The predominance of the strike-slip movement across this trend exceeds the extension.
During the Red Sea rifting, the E-W faults are considered to be accommodation zones between the tilted fault blocks (Cochran and Martinez 1988; Moustafa 1997) . Dextral wrenching with transtension of the E-W faults was noted by Moustafa and Khalil (1994) and Moustafa and Abd-Allah (1992) . El Gaby et al. (1988) named this trend as "Sheikh Salem trend" that relates to a Precambrian ENE to NE compressive stress. Bosworth and Strecker (1997) identified two sets of the E-W faults in the northern Red Sea. The older set consists of ENE-WSW right-lateral strike-slip faults and the younger of E-W normal faults. They assigned the older set to a NNE-SSW extension and the younger to a N-S extension. They added that the E-W faults predominate and run for long distances across the Eastern Desert, passing the Nile Valley, into the Western Desert. The E-W faults are particularly significant in the southern Eastern Desert. West of Lake Nasser this fault trend causes seismicity (Omar 2006) .
The variation in steepness and height of the N-S fault scarps leads to the conclusion that they were formed due to recurrent faulting. This conclusion appears logical when compared with the tectonic history of the N-S faults which comprises different ages and types of movement. The scattering of the NE-SW fault scarps suggests that these originated through successive reactivation events, separated by short quiescence periods. The difference in morphology of the E-W Quaternary fault scarps suggests that these have different ages, which in turn indicates continuous reactivation. Also, the variation in slope angle and/or height in the same cluster presumably indicate step faulting. The scattering of the NW-SE fault scarps suggests that they have both step and composite nature. The presence of scarps with rounded apex in the country rocks and presently show displacement of Quaternary sediments confirms the latter conclusion.
When considering the effect of active faults on drainage pattern, drain direction rather valley direction should be considered (see Matmon et al. 1999) . At present the drainage flows off toward the Red Sea basin in the E-W to NE direction. The E-W and NE-SW faults and fractures are the main controllers of drainage. Dip of Neogene sediments share in guiding drainage lines in this directions. Some lines drain toward the NW and SE due to local water divides formed by the NE-SW faults. Particularly in the western parts of the area the N-S faults guide some of the drainage lines. Gorges formed by recent N-S faults cause 180 A. Akawy reversal in drainage flow direction from ENE to WSW. Also, near the Red Sea shoreline tilting of some faulted blocks locally affects drainage orientation. The field inspection and examination of aerial photographs and Landsat images showed that the old drainage lines were running in the NW-SE direction and the presently active ones are running in the N-S, NE-SW and E-W directions. This certainly reflects the activity of the controlling faults. The capture of old drainage, deep incision of the recent one, offset of drainage in all orientation and reversal in drainage flow direction are the main drainage modifications.
There is a proportional relationship between drainage density and fault activity because the concealed fault zones could provide a passage for underground water, small lakes and rivers (Hou and Han 1997; Han et al. 2003) . The eastern part of the study area which is characterized by high drainage density, probably undergoes subsidence relative to the western part that undergoes uplift. This relative movement implies a vertical movement across the main NW-SE faults. Moreover, the anomaly in drainage density that is associated with active faults increases near the Red Sea shoreline. This indicates that there is a close relationship between the present-day Red Sea tectonics and the activity of these faults. In some localities there is a good match between the high drainage density belts and the field indicators of active faulting; in other localities this relationship is not clear. This poor relationship is probably due to the inability to detect these faults in the field and/or the change in tectonic conditions. The latter means that the old active faults that caused high drainage density became inactive in present time. Due to the predominance of the active fissures in the eastern parts, the sharpness in the density belts is greater than that in the western part. The intermittent high drainage belts indicate that they are underlined by newly established fault segments that combine short fissures and coalesce to give a continuous fault (see Schweig and Ellis 1994) . The drainage bifurcation is higher in the eastern part of the study area than in the western one, indicating that intense fracturing controls the drainage.
The asymmetry and complexity of drainage basins in the study area as indicated by wide variation in length, density and orientation of tributaries on both sides indicate non-coeval drainage generation on both sides. A good example is the asymmetry of the entrance of Wadi Abu Dabbab which is due to block tilting toward the E and ENE.
There is a mutual relationship in activity between the N-S and E-W faults, and no clear age arrangement can be inferred. The southern tributaries of Wadi Abu Dabbab are controlled by the N-S faults and flowing off toward the north, implying that the faults that control Wadi Abu Dabbab (E-W faults) are younger than the N-S ones. On the other hand, the northern inlets of Wadi Abu Dabbab are orientated in the N-S direction and narrow northward, indicating that the ancient N-S faults were re-opened as normal faults by the strike-slip movement along the E-W faults. The opening decreases northward. In some localities there is capture of the E-W streams by the N-S ones, indicating that the latter are younger. Westward in the study area the N-S faults show strike-slip nature (see Akawy 2007) . On the map scale the relative offset of the different fault orientations by others is not clear, due to the small magnitude of this displacement. In the field this relationship is clear.
The drainage density map, aerial photographs, Landsat images and field observations indicate that the fault segmentation phenomenon is common for all fault trends. This also indicates that the faults are still growing and coalesce. The observations also concluded that not all fault segments are active to the same degree, and that there are inactive ones. Within the same drainage pattern the continuation of some lines and stopping of others confirm the fault segmentation. Fault segmentation was also reported in other studies such as those of Naylor et al. (1986) , Sylvester (1988) and Booth-Rea et al. (2004) .
The present study was carried out in the summer of 2006, two years after the seismic records were acquired. Based on the seismic analysis of the area the faults are upper crustal features and do not continue below. The presence of recent reverse faults in the NW-SE direction is a puzzle because presently this trend is extensive. Mohamed (2005) referred these reverse faults to some deep magmatic activities and fluid overpressure during serpentinite dehydration. Akawy (1993) recorded NW-SE striking reverse faults and folds in the Red Sea marginal area and explained them as resulting from a space problem during basinward tilting of the blocks. The seismic study (Mohamed 2005) concluded that the seismic activity in the Abu Dabbab area is concentrated along two active fault sets, namely normal faults (parallel to the Red Sea) and transverse faults (perpendicular to the Red Sea). The seimicity is concentrated along the intersection between the two fault sets. In other areas in the world seismic activity also occurs in the intersection between faults (Talwani 1988; Mohamed 2005) . In the Abu Dabbab area, the brittle/ductile transition is shallow (9-10 km), implying that an anomalous mantle or magma chamber can exist at this depth (Hoseny et al. 1996; Mohamed 2005 ). The present field study concluded that the N-S and E-W faults are the more active than other trends. This does not conflict with the seismic studies because both agree on the active fault trends, differing only in the magnitude of the activity.
The drainage that develops on the E-W faults appears to increase its length westwards by running on growing faults. Since the faults increase their length during repeated earthquakes (Jackson and Leeder 1994) , the long faults in the study area were formed during long period of seismic activity. As stated previously some faults in the study area are segmented, and then the faults increase their length by coalescing of neighboring segments by local earthquakes (see also Gillespie et al. 1992; Davis et al. 2005) . The correlation between the paleostresses and the present-day ones (Tables 3 and 6) shows that there is a change in tectonic conditions and stress states. The inferred present-day stress (Fig. 13) shows more or less multidirectional extension and N-S compression. The compression is due to the N to NW-ward drifting of the African plate. The extension (limited and regional) leads to reactivation and/or neoformation of different fault trends in the study area (Fig. 14) . This model is similar to that of Arkin (1989) for the Dead Sea-Jordan rift valley. The controversial sense of movement along the strike-slip faults is due to the difference in orientation of the faults relative to the mean extension. The NE-SW extension across the Red Sea and the N to NW drift of Africa toward the European plate are the main causes of the present stresses.
Conclusion
The N-S, NE-SW, NW-SE and E-W fault trends have a complicated history of initiation and reactivation in the basement rocks, Neogene cover and Quaternary sediments in the Abu Dabbab area. Recent fault scarps with varying steepness and height have been recorded along these fault trends. The N-S fault scarps are formed during recurrent faulting whereas the NE-SW scarps are formed by successive reactivation, with short quiescence periods in between. The E-W scarps are formed by continuous reactivation. The NW-SE scarps are of both step and composite nature. The drainage lines are generally structurally controlled. The main water divide runs along the NW-SE trend and the local water divides are controlled by the NE-SW faults. The active faults cause some drainage modification like capture of old drainage, deep incision of the recent one, offset of drainage in all orientations and reversal in drainage flow direction. Several anomalies of drainage density in different orientations reflect concealed and active fault zones. Some drainage anomalies are disconnected suggesting fault segmentation. The degree of activity differs from one segment to the other. The faults grow by coalescing of neighboring segments through local earthquakes. There is a poor matching between the paleostresses and the present-day ones, attributed to the change in the tectonic conditions. The present-day NE-SW extension across the Red Sea combines with local multidirectional one, by reactivation and neo-formation of all faults of different types and directions.
